Objective: In this study we use facility-level data from nationally representative surveys conducted in Ghana, Kenya, and Uganda to understand pharmaceutical availability within the three countries. Methods: In 2012, we conducted a survey to capture information on pharmaceuticals and other facility indicators from over 200 facilities in each country. We analyze data on the availability of pharmaceuticals and quantify its association with various facility-level indicators. We analyze both availability of essential medicines, as defined by the various essential medicine lists (EMLs) of each respective country, and availability of all surveyed pharmaceuticals deemed important for treatment of various high-burden diseases, including those on the EMLs. Results: We find that there is heterogeneity with respect to availability across the three countries with Ghana generally having better availability than Uganda and Kenya. To analyze the relationship between facility-level factors and pharmaceutical stock-out we use a binomial regression model. We find that the factors associated with stock-out vary by country, but across all countries both presence of a laboratory at the facility and presence of a vehicle at the facility are significantly associated with reduced stock-out.
Introduction
Millions of people worldwide die or face disability each year due to diseases that have proven pharmaceutical treatments [1, 2] . In order to decrease these preventable deaths, access must increase to necessary medicines. Assuming people visit the health center when they are sick, the provision of pharmaceuticals at the health center to treat deadly disease is imperative. However, drugs are often not provided at facilities due to stock-out, or specifically, a pharmaceutical not being available due to it being out of stock. Stock-out of medicines has a profound effect on health in various ways. First, if a drug is not available then a sick patient who visits the health facility will not be able to receive the treatment they need. Patients who do not receive proper drug treatment have worse outcomes. Pasquet et al.
(2010) link patients with facility-level antiretroviral medicine stock-out and find that stock-out led to higher mortality [3] . Second, if a facility experiences stockout a patient may be less willing to visit the health facility because they do not believe they will get the care and medicine they need to be properly treated. Nabbuye-Sekandi et al. (2011) find that patients' perceptions of a health facility and their satisfaction with health services are directly linked to the availability of pharmaceuticals at that facility [4] . In addition, Hanson et al. (2005) find that availability of pharmaceuticals is a significant predictor of perceived quality of health facilities [5] . These studies imply that as availability of pharmaceuticals deceases, patients reduce their positive perception of the facility. Perceived quality of a health facility can have a significant effect on a patient's choice to utilize or not [6] . Therefore, it is important to stock medicines so people maintain confidence in the health system and continue to utilize it.
Despite the obvious need for drugs to treat patients, information on the prevalence of stock-out has been predominantly analyzed through small survey datasets and there is a dearth of information related to the determinants of stockout. There is a large existing literature that examines stock-out and price of essential medicines using an approach developed by the WHO and Health Alliance International in 2003 [7] . The approach examines the availability and affordability of up to 50 medicines that are considered essential by the WHO. The survey has been conducted in numerous countries worldwide and is still being used today as a relevant policy undertaking [8] [9] [10] [11] [12] . Specific results from the WHO/HAI methodology are comparable across studies. Multiple studies have synthesized relevant data from numerous WHO/HAI surveys to generate medicine availability estimates [13, 14] . The WHO/HAI method has been widely used; however, it does little to take into account prevailing pharmaceutical norms within each country, such as different referral levels carrying different pharmaceuticals to address their relevant burden. In addition, another limitation of these studies is that they use surveys with small sample sizes that often lack generalizability to the entire pharmaceutical system of a country.
Other literature has looked at pharmaceutical availability at the facility level not using the WHO/HAI methodology. Buabeng et al. (2008) explore anti-malarial drug availability in Ghana and find that fewer than half of the health facilities sampled stocked the recommended first line therapy to treat malaria [15] . Despite these numerous studies looking at availability, none of them examine the facilitylevel determinants of availability.
There is some literature that examines the relationship between modifiable policies/factors and drug availability. Kangwana et al. (2009) investigate the effect of a nationwide pharmaceutical policy to stock artemisinin combination therapies (ACTs) in public facilities in Kenya [16] . They find uptake of the policy has been widespread; however, stock-out of artemether-lumefantrine is high, greater than 25%, two years after its introduction as a treatment for uncomplicated malaria. Davis et al. (2013) analyze availability and affordability of ACTs in five countries currently receiving Global Fund funding [17] . They find that stock-out is higher among rural facilities than urban in Ghana and Kenya and that stock-out rates were highest in rural Kenya (87% experienced at least one stock-out occurrence in the prior 3 months) and lowest in Tanzania (20.4%). Tumwine et al. (2010) analyze pharmaceutical stock-out in a single hospital in southwestern Uganda using a pre/post design. During the pre-period the hospital used a push system in which the facility was sent a package of drugs determined by the government and in the post-period it used a pull system in which the facility ordered its own drugs based on need [18] . They find that the hospital faced significantly higher stockout while under a push system, but they acknowledge the limitations inherent in examining a single facility.
The need for increased access to pharmaceuticals drove the World Health Organization to publish its first essential drugs list in 1977, which later became the essential medicines list (EML) and is now on its 18 th edition [19, 20] . The EML is designed to highlight drugs that are essential to the care of diseases that plague individuals worldwide. The EML has become a ubiquitous concept with many countries adopting the strategy of creating national EMLs to treat their relative disease burdens in cost-effective ways. Ghana, Kenya, and Uganda have all developed EMLs and the pharmaceuticals included in each vary slightly depending on the country's needs [21] [22] [23] . The national EMLs are designed to include the pharmaceuticals that should be available to treat disease at various levels of the public health care system. For example, a referral hospital should carry specialist medicines that are necessary for care at the national level, but at the local level only a few select pharmaceuticals may be available to treat the most common diseases. Private facilities are not required to carry the essential medicines laid out by the national EML guidelines, but many do given their pertinence and costeffectiveness.
In this study we utilize large nationally representative facility-level datasets to provide new estimates of pharmaceutical availability in three sub-Saharan African countries-Ghana, Kenya, and Uganda -and thus fill some of the existing knowledge gap on availability in the region. To our knowledge, this study is the first to examine the relationship between supply chain and facility-level factors and stock-out using nationally representative facility datasets.
Methods

Data
Data was collected using a standard survey instrument in each country as part of the Access, Bottlenecks, Cost and Equity (ABCE) project [24] [25] [26] . Field work was conducted in Kenya and Uganda from May to November of 2012 and in Ghana from June to September of 2012. A nationally representative sample of health facilities and pharmacies were visited in each country. Data on pharmaceuticals was collected from 209 facilities in Kenya, 220 facilities in Ghana and 230 facilities in Uganda. Facilities were grouped based on their ability to provide service and their designation by the various Ministries of Health in each country. We have labeled these groups of facilities as platforms and will report on them as such. Information on the facilities and platforms is summarized in Table 1 . The ABCE study was reviewed and approved by the University of Washington's Institutional Review Board and the corresponding Institutional Review Boards in Ghana, Kenya, and Uganda.
Questions on specific pharmaceuticals varied slightly in each country based on country data needs, but a core group of 50 pharmaceuticals were asked about across all countries. Pharmaceuticals were included based on their necessity for treating high-burden diseases and on advice from our in-country partners. The vast majority of pharmaceuticals were from the EML of each country.
In addition to pharmaceutical data captured at the facility, various facility characteristics were asked about in the survey. Questions asked varied by country, but Table 2 summarizes the responses. Specifically, questions about the storekeeper were not asked in Ghana, whereas questions about where the facility regularly receives pharmaceuticals from were not asked in Kenya. Distances were calculated using straight line distance to the capital.
The dependent variable in the regressions was the number of pharmaceuticals that were stocked-out. Each drug was categorized as stocked-out if it was not available at the time of survey administration. In order for a pharmaceutical to be considered available at the time of survey administration, the drug had to be directly observed by the surveyor. General pharmaceuticals in all facilities were considered stocked-out if the facility reported normally having the drug but it was not directly observed. Essential medicines were considered stocked-out if the facility was public-thus having to adhere to the EML guidelines-and the drug was unavailable, even if they reported not typically carrying the drug. This specification creates higher drug stock-out since drugs not reported as typically carried are considered stocked-out.
Statistical analysis
The data was structured so that each facility had a number of drugs stocked-out and a bounded number of possible drugs stocked, as well as various facility-level variables. The data structure led us to analyze the association between facility characteristics and pharmaceutical stock-out using a generalized linear model with a binomial family. Two different dependent variables were used, 1) pharmaceutical stock-out of any drug in all facilities and 2) pharmaceutical stockout of essential medicines in public facilities. Independent variables were included where appropriate for each country. Specifically, whether or not the facility was on a push or pull system was included as a categorical variable coded as push, pull or both. We included whether or not the facility had an administrative person, an accountant, a medical personnel or a pharmacist in charge of monitoring pharmaceuticals. The presence of different types of record keepers were included as binary variables. Whether or not the facility received drug kits, whether or not the facility had a lab, and whether or not the facility had access to a vehicle were included as binary variables. Rurality of the facility was included as a categorical variable, with rural, semi-urban and urban as the three categories. Distance to the capital was coded as a continuous variable and the unit of analysis was the decimal degree. Decimal degrees were measured to the hundredth of a degree. Since all countries are at or near the equator, we found the variability in actual distance to be small enough for this to be a suitable distance measure. Whether or not a facility received pharmaceuticals from the Ministry of Health or received them from a private provider were each included as binary variables. In addition to the covariates measured at the facility level, we also controlled for platform of the facility and month that the facility survey took place-to control for potential seasonality of stock-out. Facilities were not included in the regression analysis if they reported not carrying any of the pharmaceuticals asked about in the survey. This accounted for 13 facilities (9 in Kenya, 1 in Uganda, and 3 in Ghana) when using the any drug dependent variable. No public facilities were dropped in the analysis of EML drugs since all were expected to carry the essential drugs. Regression analysis was done using the binreg command in Stata software version 12 and a logit link function was used to define the relationship between the independent variables and stock-out [27] . Standard errors were corrected for heteroskedasticity using White's general correction, implemented as the robust option in Stata. Table 1 summarizes the stock-out variable by country and platform. Results indicate that rates of pharmaceutical stock and stock-out varied by country and platform. In general, facilities carried more pharmaceuticals the more complex the services they offered. Hospitals tended to carry over 80% of the pharmaceuticals surveyed, while community level facilities carried less than half. CHPS compounds in Ghana carried the fewest drugs on average per facility with 16 of the 54 surveyed pharmaceuticals typically available. All three countries faced similar patterns of stock-out with the low-level community public health facilities facing the highest proportion of drugs stocked-out. Pharmacies faced very low stock-out in all three countries. In addition, private medical service providers, such as private hospitals and medical clinics, faced low stock-out compared to their public counterparts. Certain high-profile pharmaceuticals are of significant importance to address the disease burden of these sub-Saharan African countries. Table 3 summarizes stock-out of a country's first line treatment for malaria, pneumonia, and meningitis. In general, stock-out of antimalarial drugs was lower than drugs to treat pneumonia and meningitis. Across the sample, Ghana had the lowest rate of ACT stock-out with only 2% of facilities and Kenya the highest with 7%. Amoxicillin stock-out was also much lower in Ghana, at 5% compared with over 14% in Uganda and 21% in Kenya. All countries faced stock-out rates greater or equal to 10% for ceftriaxone and chloramphenicol, the drugs necessary to treat meningitis.
Results
Availability of pharmaceuticals
Determinants of stock-out
The results of the country specific regressions suggest that the factors influencing stock-out differ across the three countries (Table 4) . Rurality of the facility did not have a significant effect on stock-out of essential medicines in any of the countries. However, in Uganda rural facilities had 59% higher odds of stock-out than urban facilities, while in Kenya rural facilities had 72% lower odds of stockout than urban, but it was only marginally significant. In Ghana, if the facility received drugs from a private supplier they were less likely to face stock-out of any medication and essential medications. In Uganda, both facilities receiving pharmaceuticals from the MOH and from private suppliers were associated with reduced stock-out. In Uganda, presence of a vehicle was associated with lower stock-out for both any surveyed drug and essential medicines. In Ghana and Kenya the results were similar, with presence of a vehicle associated with lower stock-out; however, the effect was only significant for essential medicines. Having a lab in the facility was significantly associated with reduced essential medicine stock-out, possibly suggesting that more advanced facilities are able to test and subsequently treat only positive cases, which would drive down unnecessary use of pharmaceuticals. Where the facility received drugs from was significantly associated with stock-out.
Discussion
In this analysis of over 600 health facilities in Ghana, Kenya, and Uganda we have shown that pharmaceutical stock-out is still a persistent problem despite large efforts in each country to strengthen the provision of pharmaceuticals. Availability of essential medicines was strikingly low, with over 30% of those expected to be available not at the facility. Even if availability is low, it is important to note that facility specific stock-out does not necessarily imply that a patient does not receive pharmaceuticals. A patient could go to a private pharmacy or another provider to get medication. However, this entails multiple trips by the patient and as the number of required trips increases, the likelihood a patient will visit the subsequent facility decreases, thus decreasing their probability of getting the pharmaceuticals they need. This has the potential to have a profound impact on the health of these populations if patients are not receiving the pharmaceuticals they need. It is necessary that facilities carry the pharmaceuticals expected of them so that patients get the care they need and expect.
Regression analysis suggests the presence of vehicles at the facility is associated with reduced stock-out. One potential way to alleviate stock-out in Ghana, Kenya, and Uganda is to provide vehicles to facilities so they can seek out medications when their stock is low. This intervention would give the facility more autonomy and accountability in dealing with pharmaceutical procurement. Despite our a priori hypothesis that presence of pharmacists would reduce stock-outs, we found no evidence that this was the case. Furthermore we found that there were no significant differences in stock-out based on who was in charge of the pharmaceutical records. This finding implies that facilities without experienced pharmaceutical personnel may still be capable of monitoring their own stock. Given this outcome, supplying vehicles to facilities, even those without a pharmacist, would be a useful intervention.
The results from our analysis on availability were consistent with those found in the existing literature. Robertson et al. (2009) found the rate of pharmaceutical availability in our surveyed countries to be lowest in Ugandan district hospitals and primary health care centers, each at 29% [28] . We found availability to be [17] . Although their stock-out measure is not directly comparable because it incorporates any stock-out within the past 3 months rather than at the time of survey, their results seem to show a similar trend. Our analysis provides more robust results because we analyzed more drugs and used directly observed availability rather than self-reported availability. This analysis faced three specific limitations. First, in our survey we did not ask about availability of specific formulations of a pharmaceutical. If we had information on this we would be better able to assess the importance of some drugs over others. For example, a facility carrying an antibiotic for use with pediatric patients would still be considered not having stocked-out of that antibiotic even if the antibiotic for adults was stocked-out. However, the likelihood that this limitation would have any real effect on the analysis is minimal since it is likely that facilities stock pharmaceutical formulations that are prescribed to them by the EML and not others. Second, we did not measure if the drug was effective. Counterfeit drugs are known to exist in Africa but very little is known about their prevalence due to lack of survey data [29, 30] . We attempted to increase the probability of correctly classifying drugs by ensuring that our trained RAs directly observed the pharmaceuticals during survey administration. Future analysis should focus on determining, in addition to if a facility stocks medicines, if the medicines they stock are effective and safe. Third, we did not have outcomes at the patient level and therefore were unable to assess the relationship between pharmaceutical stock-out and patient outcomes. Although it is not exactly relevant as a limitation of the analysis presented in this study, it is an area we would like to explore with more rich datasets that link facility pharmaceutical availability with patient outcomes data.
Conclusion
Very little existing literature has explored the relationship between facility-level determinants and availability of pharmaceuticals. Future research should attempt to better understand the causal mechanisms that drive pharmaceutical procurement and subsequent stock-out. In addition, countries should take a close look at their own health systems to understand where the need exists for better pharmaceutical monitoring to improve drug availability.
In conclusion, Ghana, Kenya, and Uganda still have a long road ahead before necessary essential medicines are available in the health facilities as they are mandated. Investment should be made to strengthen the monitoring system of pharmaceutical procurement and more autonomy should be given to facilities to monitor their stock. With increased availability of essential medicines the health of these countries should improve.
Supporting Information S1 Data. Study data. This supporting information file contains the data used in this study. doi:10.1371/journal.pone.0114762.s001 (DTA) Author Contributions
